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(54) FREQUENCY VARIABLE TYPE FILTER, DUPLEXER AND 
COMMUNICATION EQUIPMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To cope with a 
dual band system and to respectively 
independently pass through or attenuate the 
signals of one system and the signals of the 
other system. 

SOLUTION: A frequency variable type band- 
pass filter 1 is set so as to make the 
resonance frequency of a resonance system 
provided with the resonators 4-6 of a basic 
resonance mode be equal to the reception 
frequency of a GSM(global system for mobile) 
system at the time of applying a positive 
voltage to a voltage control terminal CONT1 
and turning PIN diodes D4-D6 to an ON state. 

At the time, the resonance frequency of the resonance system provided with the 
resonators 4-6 of a third resonance mode is set slightly lower than the reception 
frequency of a DCS(digital communication system) system. The setting is 
performed by appropriately changing the impedance value and inductance value of 
the resonators 4-6 and the capacitance value of capacitors C7-C9 for varying a 
band. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It has a controllable reactive element with an armature- voltage control terminal, at 
least one resonator, and the control voltage supplied to said armature-voltage control 
terminal. It becomes the 1st filter which used the basic resonance mode of said resonator 
when the 1st control voltage was supplied to said armature-voltage control terminal. The 
frequency adjustable mold filter characterized by becoming the 2nd filter which used the high 
order resonance mode of said resonator when the 2nd control voltage was supplied to said 
armature-voltage control terminal. 

[Claim 2] The frequency adjustable mold filter according to claim 1 characterized by said 
reactive element being a PIN diode. 

[Claim 3] The frequency adjustable mold filter according to claim 1 characterized by said 
reactive element being variable capacitance diode. 

[Claim 4] The frequency adjustable mold filter according to claim 2 characterized by 
connecting said PIN diode to said resonator electrically through any one of an inductor and 
the capacitors, for said 1st control voltage being a forward electrical potential difference, and 
said 2nd control voltage being either OV and a negative electrical potential difference. 
[Claim 5] The frequency adjustable mold filter according to claim 2 characterized by 
connecting said PIN diode to said resonator electrically through any one of an inductor and 
the capacitors, for said 1st control voltage being either OV and a negative electrical potential 
difference, and said 2nd control voltage being a forward electrical potential difference. 
[Claim 6] Claim 1 characterized by said resonator being a dielectric resonator thru/or a 
frequency adjustable mold filter according to claim 5. 

[Claim 7] The duplexer characterized by the thing of claim 1 thru/or a frequency adjustable 
mold filter according to claim 6 for which it had any one at least. 
[Claim 8] Claim 1 thru/or a frequency adjustable mold filter according to claim 6, or 
transmitter equipment characterized by the thing of a duplexer according to claim 7 for which 
it had any one at least. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the frequency adjustable mold filter, the 
duplexer, and transmitter equipment which are used for example, with a microwave band. 
[0002] 

[Description of the Prior Art] In recent years, the cellular-phone terminal which had a 
function corresponding to two cellular-phone systems with one cellular phone is put in 
practical use. The dual band (Dual-Band) system of GSM (Global System for Mobile) and 
DCS (Digital Communication System) is known for the typical thing. 

[0003] And the dielectric filter given in JP,9-8505,A is proposed as a filter used for this kind 
of cellular-phone terminal. This dielectric filter uses the basic resonance mode and high order 
resonance mode of lambda/4 coaxial resonator. For example, one filter has the filter shape 
which passes a 900MHz band by basic resonance mode (or attenuation), and the filter shape 
which passes a 1800MHz band by the 3rd resonance mode (or attenuation), this time — the 
frequency of the 3rd resonance mode — a dielectric resonator — inner — a conductor — a path 
and outside ~ a conductor — changing size by short circuit one end an open end side, and 
considering as step structure — also ******(j n g) it i s not necessary to set up by 3 times the 
frequency of basic resonance mode 
[0004] 

[Problem(s) to be Solved by the Invention] However, since the above-mentioned cellular- 
phone terminal is 1 input 1 output, the filter shape using basic resonance mode and the filter 
shape using the 3rd resonance mode are obtained simultaneously. Therefore, when this filter 
is used for the cellular-phone terminal corresponding to the dual band system of for example, 
a GSM system and a DCS system, only the signal of the GSM system of a 900MHz band is 
passed, and even when you attenuate the signal of other frequencies, the signal of the DCS 
system of a 1800MHz band will also be passed simultaneously. 

[0005] As this cure, the filter corresponding to a GSM system and the filter corresponding to 
a DCS system are manufactured according to an individual, and connecting electrically and 
compounding these two filters is also considered. However, the new problem that a filter is 
enlarged arises in this case. 

[0006] Then, the object of this invention can respond to a dual band system, and is to offer 
the frequency adjustable mold filter, the duplexer, and transmitter equipment which can pass 
or decrease independently the signal of one system, and the signal of the system of another 
side, respectively. 
[0007] 

[Means for Solving the Problem and its Function] In order to attain the above object, the 
frequency adjustable mold filter, the duplexer, and transmitter equipment concerning this 
invention It has a controllable reactive element with the control voltage supplied to said 
armature-voltage control terminal, (a) — an armature-voltage control terminal and (b) — at 
least one resonator and (c) ~ (d) When it becomes the 1st filter using the basic resonance 
mode of said resonator when the 1st control voltage is supplied to said armature-voltage 
control terminal, and the 2nd control voltage is supplied to said armature-voltage control 
terminal, it is characterized by becoming the 2nd filter using the high order resonance mode 
of said resonator. 
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[0008] The 1st filter and 2nd filter are a band-pass filter, a band rejection filter, etc. here. A 
PEN diode, variable capacitance diode, etc. are used as a reactive element. And a dielectric 
resonator is used for a resonator. More specifically the PIN diode was electrically connected 
to the resonator through any one of an inductor and the capacitors, and the forward electrical 
potential difference was adopted as the 1st control voltage, and 0 V have adopted either of the 
negative electrical potential differences as the 2nd control voltage. Or either 0V or a negative 
electrical potential difference was adopted as the 1st control voltage, and the forward 
electrical potential difference is adopted as the 2nd control voltage. 

[0009] In order that only the signal of the basic resonance mode of a resonator may pass a 
filter and may decrease the signal of high order resonance mode by the above configuration 
when the 1st and 2nd filters are band-pass filters, and the 1st control voltage is supplied to an 
armature-voltage control terminal, the 1st filter acts as a band-pass filter using basic 
resonance mode. And when the 2nd control voltage is supplied to an armature- voltage control 
terminal, in order that only the signal of the high order resonance mode of a resonator may 
pass a filter and may decrease the signal of basic resonance mode, the 2nd filter acts as a 
band-pass filter using high order resonance mode. Thus, the signal of basic resonance mode 
and the signal of high order resonance mode can be independently passed by switching the 
control voltage supplied to an armature- voltage control terminal, respectively. 
[0010] Furthermore, the duplexer concerning this invention and transmitter equipment can 
attain small lightweight-ization by having any one of the frequency adjustable mold filters 
which have the above-mentioned description. 
[0011] 

[Embodiment of the Invention] Hereafter, the operation gestalt of the frequency adjustable 
mold filter concerning this invention, a duplexer, and transmitter equipment is explained with 
reference to an accompanying drawing. 

[0012] [1st operation gestalt, drawing 1 - drawing 3 ] drawing 1 shows the circuitry of the 
frequency adjustable mold band-pass filter 1. The frequency adjustable mold band-pass filter 
1 combined three steps of resonance circuits, and the resonator 4, the resonator 5, and the 
resonator 6 have connected it electrically through the capacitors CI 1 and C 12 for association, 
respectively. A resonator 4 is electrically connected to the external terminal 2 through a 
coupling capacitor C10, and the resonator 6 is electrically connected to the external terminal 
3 through the coupling capacitor CI 3. 

[0013] The end of a resonator 4 was grounded in the gland, is in the condition to which the 
series circuit of the capacitor C7 for band adjustable and PIN diode D4 which is a reactive 
element grounded the cathode of PIN diode D4 to the other end, and is electrically connected 
to juxtaposition to a resonator 4. The end of a resonator 5 was grounded in the gland, is in the 
condition to which the series circuit of the capacitor C8 for band adjustable and PIN diode 
D5 grounded the cathode of PIN diode D5 to the other end, and is electrically connected to 
juxtaposition to a resonator 5. The end of a resonator 6 was grounded in the gland, is in the 
condition to which the series circuit of the capacitor C9 for band adjustable and PIN diode 
D6 grounded the cathode of PIN diode D6 to the other end, and is electrically connected to 
juxtaposition to a resonator 6. 

[0014] The armature-voltage control terminal CONT1 is electrically connected with the 
resistance R15 for control voltage supply, and a capacitor CI 5 through a choke coil L4 at the 
medium node of the anode of PIN diode D4, and the capacitor C7 for band adjustable. It 
connects with the resistance R15 for control voltage supply, and a capacitor C15 electrically 
through a choke coil L5 at the medium node of the anode of PIN diode D5, and the capacitor 
C8 for band adjustable. Furthermore, it has connected with the resistance R15 for control 
voltage supply, and a capacitor CI 5 electrically through choke coil L6 at the medium node of 
the anode of PIN diode D6, and the capacitor C9 for band adjustable. 

[0015] Moreover, as shown in drawing 2 , lambda / 4 coaxial dielectric resonator is used for 
resonators 4-6. Drawin g 2 R> 2 shows the resonator 4 as an example of representation. 
Dielectric resonators 4-6 consist of conductors 23, while it was prepared in the inner skin of a 
conductor 22 and the tubed dielectric 21 the outside established in the peripheral face of the 
tubed dielectric 21 formed with high dielectric constant ingredients, such as a ceramic of 
Ti02 system, and the tubed dielectric 21. outside - a conductor 22 — one opening end- face 
21a (it is hereafter described as open side edge side 21a) of a dielectric 21 - inner - it opens 
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electrically from a conductor 23 (separation) — having — opening end-face 21b (it is hereafter 
described as short circuit side edge side 21b) of another side — inner — it has connected with 
the conductor 23 too hastily electrically (flow). After the series circuit of the capacitor C7 for 
band adjustable and PIN diode D4 connected the end of the capacitor C7 for band adjustable 
to the conductor 23 inside and the dielectric resonator 4 has connected the cathode of PIN 
diode D4 to a gland in open side edge side 21a, it connects electrically and the conductor 22 
is grounded outside in short circuit side edge side 21b in the gland. 
[0016] The passage frequency of a filter 1 is decided by each resonance frequency of the 
capacitor C7 for band adjustable, the resonance system which consists of resonators 4, the 
capacitor C8 for band adjustable and the resonance system which consists of resonators 5, 
and the resonance system which consists of a capacitor C9 for band adjustable, and a 
resonator 6. That is, the capacity value of the capacitors C7-C9 for band adjustable is set as 
the impedance value and inductance value of resonators 4-6, and the list so that it can use 
also for high order resonance mode (it is the 3rd resonance mode in the case of the 1st 
operation gestalt), while a filter 1 can use by basic resonance mode. 

[0017] And if a forward electrical potential difference is impressed to the armature-voltage 
control terminal CONT1 as control voltage, PIN diodes D4-D6 will be in ON condition. 
Therefore, the capacitors C7-C9 for band adjustable are grounded through PIN diodes D4- 
D6, respectively, and the passage frequency of the basic resonance mode of a filter 1 and the 
3rd resonance mode becomes low, respectively. On the contrary, if a negative electrical 
potential difference is impressed as control voltage, PIN diodes D4-D6 will be in an OFF 
condition. In addition, instead of impressing a negative electrical potential difference, the 
control circuit which supplies control voltage to the armature- voltage control terminal 
CONT1 is made into the high impedance beyond lOOKohm, and by an electrical potential 
difference being made not to be impressed to the armature-voltage control terminal CONT1, 
control voltage may be set to 0V and you may change PIN diodes D4-D6 into an OFF 
condition. Thereby, the capacitors C7-C9 for band adjustable will be in an open condition, 
and the passage frequency of the basic resonance mode of a filter 1 and the 3rd resonance 
mode will become high. Thus, a filter 1 can have two different passbands by grounding the 
capacitors C7-C9 for band adjustable by armature-voltage control, or opening. 
[0018] As the received frequency assigned to a GSM system is shown in drawin g 3 on the 
other hand, it is 935-960MHz (center frequency = 947.5MHz), and the received frequency 
assigned to a DCS system is 1805-1880MHz (center frequency = 1842.5 MHz). Then, when 
a forward electrical potential difference is impressed to the armature-voltage control terminal 
CONT1, PIN diodes D4-D6 are changed into ON condition and the passage frequency of the 
basic resonance mode of a filter 1 and the 3rd resonance mode becomes low, the resonance 
frequency of the resonance system containing the resonators 4-6 of basic resonance mode is 
set up so that it may become equal to the received frequency of a GSM system (refer to the 
continuous line of drawing 3 ). At this time, the resonance frequency of the resonance system 
containing the resonators 4-6 of the 3rd resonance mode is somewhat set up lowness from the 
received frequency of a DCS system. This setting out is performed in the impedance value 
and inductance value of resonators 4-6, and a list by changing suitably the capacity value of 
the capacitors C7-C9 for band adjustable. In this way, a filter 1 can turn into a band-pass 
filter using the basic resonance mode of resonators 4-6, and can pass the received frequency 
of a GSM system. On the other hand, the signal (input signal of a DCS system) of the 3rd 
resonance mode is decreased. 

[0019] Next, impress a negative electrical potential difference to the armature-voltage control 
terminal CONT1, and PIN diodes D4-D6 are changed into an OFF condition. When the 
passage frequency of the basic mode of a filter 1 and the 3rd resonance mode becomes high 
While the resonance frequency of a resonance system and the received frequency of a DCS 
system containing the resonators 4-6 of the 3rd resonance mode become equal, the resonance 
frequency of the resonance system containing the resonators 4-6 of basic resonance mode 
somewhat consists height of received frequency of a GSM system (refer to the dotted line of 
drawing_3 ). In this way, a filter 1 can turn into a band-pass filter using the 3rd resonance 
mode of resonators 4-6, and can pass the received frequency of a DCS system. At this time, 
the signal (input signal of a GSM system) of basic resonance mode is decreased. 
[0020] Thus, a filter 1 can pass independently the input signal of a GSM system, and the 
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input signal of a DCS system, respectively by switching a GSM system and a DCS system to 
compensate for a switch of the control voltage supplied to the armature-voltage control 
terminal CONT1. 

[0021] [2nd operation gestalt and drawing 4 ] drawing 4 shows the circuitry of the frequency 
adjustable mold band rejection filter 31. The frequency adjustable mold band rejection filter 
31 combines two steps of resonance circuits among the external terminals 32 and 33. That is, 
the series resonant circuit of a resonator 34 and the capacitor C34 for resonance and the series 
resonant circuit of a resonator 35 and the capacitor C35 for resonance have connected 
electrically through the coil LI for association. The capacitors C34 and C35 for resonance are 
capacitors which determine the magnitude of inhibition zone attenuation. Furthermore, 
capacitors C38 and C39 have connected with juxtaposition electrically to these two counts of 
series resonance, respectively. 

[0022] Through the capacitor C36 for band adjustable, the variable capacitance diode D32 
which is a reactive element has connected with juxtaposition electrically to a resonator 34 at 
the medium node of a resonator 34 and the capacitor C34 for resonance, where an anode is 
grounded. Through the capacitor C37 for band adjustable, variable capacitance diode D33 
has connected with juxtaposition electrically to a resonator 35 at the medium node of a 
resonator 35 and the capacitor C35 for resonance, where an anode is grounded. The 
capacitors C36 and C37 for band adjustable are capacitors for changing two attenuation pole 
frequencies of a damping property, respectively. 

[0023] It connected with the resistance R32 for control voltage supply, and a capacitor C32 
electrically through the choke coil L2 at the medium node of the cathode of variable 
capacitance diode D32, and the capacitor C36 for band adjustable, and the armature- voltage 
control terminal CONT1 is electrically connected with resistance R32 and a capacitor C32 
through a choke coil L3 at the medium node of the cathode of variable capacitance diode 
D33, and the capacitor C37 for band adjustable. 

[0024] The trap band of a filter 31 is decided by each resonance frequency of the capacitor 
C36 for band adjustable, the capacitor C34 for resonance, the resonance system that consists 
of resonators 34, and the resonance system which consists of a capacitor C37 for band 
adjustable, a capacitor C35 for resonance, and a resonator 35. That is, the capacity value of 
the capacitors C36 and C37 for band adjustable is set as the impedance value and inductance 
value of resonators 34 and 35, and the list so that it can use also for high order resonance 
mode (it is the 3rd resonance mode in the case of the 2nd operation gestalt), while a filter 31 
can use by basic resonance mode. 

[0025] And if a forward electrical potential difference is impressed to the armature-voltage 
control terminal CONT1 as control voltage, variable capacitance diodes D32 and D33 will be 
in ON condition. Therefore, the capacitors C36 and C37 for band adjustable are grounded 
through variable capacitance diodes D32 and D33, respectively, and the passage frequency of 
the basic resonance mode of a filter 3 1 and the 3rd resonance mode becomes low, 
respectively. On the contrary, if a negative electrical potential difference is impressed as 
control voltage, variable capacitance diodes D32 and D33 will be in an OFF condition. 
Thereby, the capacitors C36 and C37 for band adjustable will be in an open condition, and 
the passage frequency of the basic resonance mode of a filter 31 and the 3rd resonance mode 
will become high. 

[0026] Thus, a filter 3 1 can have two different trap bands by grounding the capacitors C36 
and C37 for band adjustable by armature-voltage control, or opening. Then, this filter 31 can 
carry out the trap of the signal of two communication system independently, respectively by 
switching two communication system in all to a switch of the control voltage supplied to the 
armature-voltage control terminal CONT1 like the filter 1 of said 1st operation gestalt. 
[0027] The 3rd operation gestalt of [the 3rd operation gestalt and drawing 5 ] shows 1 
operation gestalt of the duplexer (antenna common machine) concerning this invention. As 
shown in drawing 5 , the transmitting filter 42 connected electrically between the transmitting 
terminal Tx and the antenna terminal ANT, and the receiving filter 43 has connected the 
duplexer 41 electrically between the receiving terminal Rx and the antenna terminal ANT. 
The frequency adjustable mold filters 1 and 31 of said 1st or 2nd operation gestalt can be 
used here as the transmitting filter 42 or a receiving filter 43. By mounting these filters 1 and 
31, it can respond to a dual band system and the signal of one system, the signal of the 
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system of another side, and the duplexer 41 that can be passed independently, respectively 
can be realized. 

[0028] The 4th operation gestalt of [the 4th operation gestalt and drawing 6 ] shows 1 
operation gestalt of the transmitter equipment concerning this invention, makes a cellular 
phone an example and explains it. Drawing 6 is the electrical circuit block diagram of RF 
transceiver part of a cellular phone 50. For 5 1, as for an antenna common machine and 53, in 
drawing 6 , an antenna element and 52 are [ a receiving circuit and 54 ] sending circuits. The 
duplexer 41 of said 3rd operation gestalt can be used here as an antenna common machine 
52. By mounting this duplexer 41, communication link quality, such as the noise property of 
a cellular phone 50, can be raised. 

[0029] operation gestalt] besides [-- in addition, the frequency adjustable mold filter, the 
duplexer, and transmitter equipment concerning this invention are not limited to said 
operation gestalt, within the limits of the summary, can be boiled variously and can be 
changed. When a forward electrical potential difference is impressed to the armature-voltage 
control terminal CONT1 and the passage frequency of the basic mode of a filter 1 and the 3rd 
resonance mode becomes low especially in the frequency adjustable mold band-pass filter 1 
of said 1st operation gestalt, you may set up so that the resonance frequency of the resonance 
system containing the resonators 4-6 of the 3rd resonance mode may become equal to the 
received frequency of a DCS system (refer to the continuous line of drawing 7 ). At this time, 
the resonance frequency of the resonance system containing the resonators 4-6 of basic 
resonance mode is somewhat set up lowness from the received frequency of a GSM system. 
In this way, a filter 1 can turn into a band-pass filter using the 3rd resonance mode of 
resonators 4-6, and can pass the received frequency of a DCS system. On the other hand, the 
signal (input signal of a GSM system) of basic resonance mode is decreased. 
[0030] And when a negative electrical potential difference is impressed to the armature- 
voltage control terminal CONT1 and the passage frequency of the basic mode of a filter 1 
and the 3rd resonance mode becomes high, while the resonance frequency of a resonance 
system and the received frequency of a GSM system containing the resonators 4-6 of basic 
resonance mode become equal, the resonance frequency of the resonance system containing 
the resonators 4-6 of the 3rd resonance mode somewhat consists height of received frequency 
of a DCS system (refer to the dotted line of drawing 7 ). In this way, a filter 1 can turn into a 
band-pass filter using the basic resonance mode of resonators 4-6, and can pass the received 
frequency of a GSM system. At this time, the signal (input signal of a DCS system) of the 3rd 
resonance mode is decreased. 
[0031] 

[Effect of the Invention] The signal of two communication system can be passed 
independently, respectively, or it can be made to decrease by using the basic resonance mode 
and high order resonance mode of a resonator by the above explanation, according to this 
invention so that clearly, and switching two communication system in all to a switch of the 
control voltage supplied to an armature-voltage control terminal. 

[Translation done.] 
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[Brief Description of the Drawings] 

[Drawing 1] The electrical diagram showing the 1st operation gestalt of the frequency 
adjustable mold filter concerning this invention. 

[Drawing 2] The sectional view showing an example of the resonator used for the frequency 
adjustable mold filter shown in drawing 1 . 

[Drawing 3] The filter shape explanatory view of the frequency adjustable mold filter shown 
in drawing 1 . 

[Drawing 4] The electrical diagram showing the 2nd operation gestalt of the frequency 
adjustable mold filter concerning this invention. 

[Drawing 5] The block diagram showing 1 operation gestalt of the duplexer concerning this 
invention. 

[Drawing 6] The block diagram showing 1 operation gestalt of the transmitter equipment 
concerning this invention. 

[Drawing 7] The filter shape explanatory view for explaining other operation gestalten. 

[Description of Notations] 

1 — Frequency adjustable mold band-pass filter 

4, 5, 6 — Resonator 

31 — Frequency adjustable mold band rejection filter 
34 35 — Resonator 

41 — Duplexer 

42 — Transmitting filter 

43 — Receiving filter 

50 — Cellular phone 

5 1 — Antenna element 

52 — Antenna common machine 

53 — Receiving circuit 

54 — Sending circuit 
D4, D5, D6 - PIN diode 

D32, D33 — Variable capacitance diode 
CONT1 — Armature-voltage control terminal 
ANT — Antenna terminal 
Tx -- Transmitting terminal 
Rx — Receiving terminal 
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